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The Shape Deformations of Composite Shell Structures Integrated
with SMA Actuators whose 3-D Behaviors are Considered
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ABSTRACT

The shape memory alloys (SMAs) are often used in smart materials and structures as the active
components. Their ability to provide a high recovery force and a large displacement has been used in
many applications. In this paper the radial displacement of an externally pressurized elliptic composite
cylinder where SMA liner or strips actuators are bonded on its inner or outer surface is investigated
numerically. The elliptic composite cylinders consisting of an inlet duct system with SMAs are designed
and analyzed to determine the feasibility of such a system for the removal of stiffeners from an
externally pressurized duct of an aircraft inlet. The deformations caused by prestrained SMAs placed on
either surface of an elliptic composite cylinder are studied when activated. The extemally pressurized
elliptic composite cylinders with the SMA actuators were analyzed using the 3-D finite element method
incorporated with 3-D SMA behaviors. The results show that the role of stiffeners may be switched by
the activated light SMA actuators.
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Cylinder length (L) = 318 mm, Cylinder thickness (H) = 0.75 mm,
SMA strip thickness (t) = 10 mm, SMA strip width (w) = 20 mm,
Length of Major radius = 127 mm, Length of minor rarius = 837 mm,
Strip interval (A) = 94 mm, 154 mm, 174 mm
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Table 1. Material properties of graphite/epoxy Table 2. SMA material properties

Constants Values Constants Values
E1 (GPa) 155.0 E* (Pa) 700% 10°
E» (GPa) 12.10 EY (Pa) 30.0x10°
Vi 0.248 vh= oyt 033
Giz = Gz (GPa) 440 " = o™ E/"C/) 5 22'02];1%;
Gz (GPa) 320 }’}t kg/m i
o -7 A
an (/C) '1.8X10_- 0 AC (J/(msK) 00
a2 = a3 (/C) 243x107 M (C) )
M= () 18
A% (T 22
Aof (oc) 42
A . ’ e M
Table 3. Strength of composites and SMA * E” ¢ Young’s modulus for austenite
. EM: Young’s modulus for martensite
Tsw—Wu, Inactivated Activated y® = y® : Poison’s ratio assumed to be same
Von-Mises T I T I for both phases
(MPa) P " °p " aA, ™ : Thermal expansion coefficient
[£45/90] 0590 | 0488 | 0498 | 0.603 for austenite and martensite
[45/90/-45); 0629 | 0506 | 0550 | 0.646 o - Density
[90/=45]s | 1.180 | 0.820 | 1.080 | 0676 H' : Maximum transformation strain
SMA 125 o84 p dc © Heat capacity

M : Martensitic finish temperature

M® : Martensitic start temperature
A” ! Austenitic finish temperature

A" : Austenitic start temperature

Outer
composite
cylinder

Inner
SMA

L L
Length) layer (Length)

Fig. 1. Geometry of a composite cylinder Fig. 2. Geometry of the composite cylinder
with SMA strips with an internal SMA liner
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Fig. 5 Deformations of a composite cylinder Fig. 6. Deformations between two strips on a
before and after activation with [90/£45]s and composite cylinder before and after activation
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Fig. 7. Deformations on a composite cylinder Fig. 8 Deformations between two strips on the
under a strip upon heating with [£45/90)s and composite cylinder before and after activation
A =174 mm with [£45/%0]s and A = 154 mm

-484 -



—&— inactivated
.| —0— activated

FXT E

0.4 i g

Radial Displacement (mm)

0.6

T v t T T
0.0 02 04 06 08 1.0 1.2 1.4 16

Circumferential Angle, 0 (rad)

Fig. 9. Deformations on the composite cylinder
under a strip before and after activation with
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Fig. 13. The distribution of Tsai-Wu numbers

on the composite cylinder with [45/90]s an
SMA thickness = 4.0 mm before activation
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Fig. 14. The distribution of Tsai-Wu numbers
on the composite cylinder with [45/90)s and

SMA thickness = 4.0 mm after activation
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